AVAILABLE INFORMATION (a) Assessment of Air Pollution Levels
Since the children lived in widely scattered parts of the country, the actual measurement of air pollution in each locality was impracticable and an index was sought which could be readily determined everywhere. Daly (1959) used indices of domestic coal consumption and industrial coal consumption in a study of air pollution and causes of death in county boroughs: these were based on figures collected by Local Fuel Overseers during the last year of coal rationing (1951/52) . He took into account the amount 1 of fuel, the area within which it was consumed, the type of coal and, to some extent, the shape of each town; his domestic index was expressed in terms of tons of smoke produced per annum per acre of built-up area. The same coal consumption data were used later by the Warren Spring Laboratory (Ministry of Technology, 1966) to classify a much wider range of towns in Great Britain so that a sample of them could be drawn for inclusion in the National Survey. For this purpose it was impracticable to determine the extent of the built-up areas everywhere and each town or village which could be identified separately was classified in terms of its coal consumption per unit area, using the total area of land within its boundaries. We have used the following domestic coal consumption categories, as defined by the Warren Spring Laboratory, as the basis of our present classification:
Domestic Coal Consumption
Dl (Low) D2 (Medium) D3 (High) Tons/sq. ml./annum 0-999 1,000-6,999 7,000 and over
As we required only a broad classification into three or four pollution levels, we did not assess industrial pollution separately, nor did we draw up any detailed classification to allow for variations in dispersion characteristics. Instead, the domestic coal consumption was taken as a guide to the amount of pollution of all types and minor modifications were made to allow for unusual local conditions. In particular, Cardiff, Newport, and Swansea REsuLTs The following account is limited to the 3,131 families who, throughout the first 11 years of this inquiry, either remained at the same address or moved to other areas in the same pollution group as the one they had left. When the study was originally planned it had been intended to look particularly at children who had been subjected to different levels of air pollution to see, for example, what happened to a chesty child when he moved to a less polluted area after spending his early years in one ofhigh pollution. However, since 81 per cent. of the families remained throughout the whole survey period in areas which were within the same pollution category, there were too few changes in exposure to pollution to allow us to carry out the more detailed studies originally contemplated. The number of children in each group of areas at the beginning of the study, and the proportion who from birth to 11 years lived at addresses within the same group is given in Table I . that any differences found between the areas are unlikely to be explained by the very small differences in social composition which occur. A study of the housing conditions in the four areas shows no consistent differences, and there is no reason to believe that any excess of serious respiratory infections which might be found in the heavily polluted areas could be explained in terms of overcrowding. that colds are more common in the more polluted areas at any time during the first seven years of life.
The agreement between information derived from three sources-the mothers' reports to health visitors, the histories given by mothers to school doctors, and the results of the school doctors' examination of the nasal passages-is excellent. The reports on discharging ears (Table IV) show only minor differences between the four groups of areas, and these are not statistically significant. There is, however, a consistent tendency at each age for a larger proportion of the children living in the more polluted areas (Group D) to have discharging ears. Table V shows the proportion of children who, at 6, 11, or 15 years, had had their tonsils removed or whose tonsils, according to the school doctor, needed removal. The latter were included to offset any differences in the availability of hospital beds for tonsillectomy in the four areas. Again, the differences between the four groups of areas are small and not statistically significant, though there is a tendency at each age for the children living in the Group A areas to keep their tonsils or, in the school doctor's opinion, to have healthy tonsils. The school doctors, as already mentioned, examined the survey children when they were 6, 7, 11, and 15 years of age and were asked to listen to their chests. On each occasion rales or rhonchi were heard by a few doctors; Table VIII (opposite) summarizes their reports on these signs and relates them to the amount of air pollution. In passing from Group A to Group D, the proportion of children with rales or rhonchi (heard on one or more occasions) increases. The last line of Table VIII gives the results of the examination at 15 years, which suggests that the effects of air pollution on the lower respiratory tract persist at least into later school life.
The evidence so far suggests that lower respiratory tract illness, in contrast to upper respiratory tract illness, is most frequent and most severe among children living in the most polluted areas. This holds equally for boys and girls and for middle and manual working class children. their children back to school as soon as those in the more polluted areas. In spite of this, however, information on absences from school supports that already derived from hospital admissions, school doctors' examinations, and mothers' reports to the health visitors.
SUMMARY
As part of the National Survey of Health and Development, information has been obtained on the health of a sample of children from their birth in 1946 until they reached school-leaving age in 1961. The 3,866 children who are the subject of this study had, between them, dwelt in 2,689 different administrative areas since birth. Each of these areas was classified into one of four pollution categories, based primarily on domestic coal consumption in 1952, and the data on respiratory infection were analysed with respect to these categories. Comparisons made later between the predicted categories and the measured amounts of pollution in some of the areas showed a satisfactory agreement between the two. The information on illness was obtained during interviews between health visitors and the mothers when the children were aged 2 and 4 years, and during examinations by school doctors when the children were aged 6, 7,11, and 15 years. Hospital admissions were also recorded and special absence records were kept at school when the children were aged 61 to 10 years.
The results are simple and consistent: upper respiratory tract infections were not related to the amount of air pollution, but lower respiratory infections were so related. The frequency and severity of lower respiratory tract infections increased with the amount of air pollution. Boys and girls were similarly affected, and no difference was found between children in middle class and working class families. An association between lower respiratory tract infection and air pollution was found at each age examined and the results of the school doctors' chest examinations at the age of 15 suggest that it persists at least until school leaving age. A national longitudinal study such as this is only possible because of the generous co-operation we have had from many people and agencies; here we would especially like to thank the directors of education, teachers, and health visitors in all parts of Great Britain, who have given us information about the boys and girls included in this Survey. We should also like to thank the mothers who willingly answered numerous detailed questions, and the boys and girls themselves.
APPENDIX I Validity of Estimates ofPollution Levels
Although there were few sites where regular measurements of pollution were made at the beginning of the period covered by this study (1946) , the number steadily increased year by year, and now that the National Survey of Smoke and Sulphur Dioxide is in full operation there is sufficient information available to judge how effective our four pollution categories have been as an index either of smoke or of sulphur dioxide. We have used figures published by the Department of Scientific and Industrial Research (1964) for the year ending March, 1963 , and the following procedure was adopted in selecting sites for inclusion in the present comparisons:
(1) The list of sampling sites was examined to find Local Authority areas where one or more of the survey children had lived; in widely dispersed areas a site was included only if it was close to the address of one of the children. (2) The site was accepted ifthe mean annual concentration of smoke was quoted or if sufficient monthly figures were given to enable the mean annual concentration to be estimated reliably. (3) Where there was more than one site available in the required locality the one reporting the highest smoke concentration was selected. This tended to favour the older residential areas where the conditions may not have changed as much as in other parts of the town.
(4) Having selected a site on the basis of the smoke concentration, the sulphur dioxide concentration at the same site was also noted, where available.
Smoke concentrations were available for 179 of the 2,689 areas which we had originally classified, and sulphur dioxide concentrations for 151 of these. Each of these areas had been classified into one of the four pollution categories (very low, low, moderate, or high) as for 1952, and the measured concentrations of pollution were available for the year 1962-3.
Mean concentrations of pollution within each category are shown in Appendix Tables A and B. Greater London has been considered separately, since it was known (Ministry of Technology, 1966) that changes in pollution in the London area over the 10-year period involved would have had a serious effect on the assessment.
The concentration of each pollutant increases, as predicted, from one category to the next, and in the case of sulphur dioxide there is no serious discrepancy between the mean concentrations in Greater London and those in other areas. Within each category the concentrations of smoke are, however, lower in Greater London than in other areas. The limited data available on actual concentrations of smoke around 1952 (Department of Scientific and Industrial Research, 1955) suggest that there was then little difference between Greater London and elsewhere, and it seems likely that our classification provides a reasonable guide to the variations in concentration of both smoke and sulphur dioxide in all areas at that time.
On the basis of the 1962-3 figures, there was considerable overlap between our categories. In Greater London the differences between the mean concentrations of both smoke and sulphur dioxide in categories B and C was not significant; other differences between means were significant at the 5 per cent. level, but within each category there were some areas that appeared to have been wrongly classified, even when changes in pollution between 1952 and 1962 were taken into account. In particular we had overestimated the pollution of some towns in the South having favourable dispersion conditions and underestimated that of some small industrial towns in the North. The effect of these errors on the results of the present study is small, since few of the children lived in the towns that had been wrongly classified. The defects in our procedure could be removed by making more use of the data on dispersion conditions and industrial coal consumption collected by the Warren Spring Laboratory. We are now revising our classification (Wailer, 1966) , for it may be useful in other studies relating to conditions about 10 years ago; for current conditions it would be possible to devise a scale based directly on recent measurements made for the National Survey of Smoke and Sulphur Dioxide. 
